Turkey is heavily dependent on expensive imported energy resources (oil, gas and coal) that place a big burden on the economy. Air pollution is also becoming a great environmental concern in the country. In this regard, renewable energy resources appear to be one of the most efficient and effective solutions for clean and sustainable energy development in Turkey.
Introduction
The Republic of Turkey, located in Southeastern Europe and Southwestern Asia (that portion of Turkey west of the Bosporus is geographically part of Europe), has an area of about 780,580 sq km and a population of over 70 million (CIA, 2007) . With its young population, growing energy demand per person, fast growing urbanization and economic development; Turkey has been one of the fast growing power markets of the world for the last two decades. Turkey is an energy importing country; more than half of the energy requirement has been supplied by imports.
The energy sources can be split into three categories: fossil fuels, renewable sources, and nuclear sources. In this paper, the focus will be on renewable sources, specifically bioenergy, in Turkey. However, before getting into details of bioenergy use in Turkey, let me concentrate on the definition of "renewable source". In this paper, an energy source is regarded as renewable if it has the following two distinctive qualifications:
 carbon neutral,  derived from those natural, mechanical, thermal and growth processes that repeat themselves within our lifetime.
Based on this definition, examples of renewable energy sources include bioenergy, hydro, solar, wind and geothermal sources.
Biomass combustion is carbon or carbon dioxide neutral compared to fossil fuel combustion because the biomass combustion is simply releasing the carbon or carbon dioxide that was sequestered by growing the biomass in the beginning is certainly true 1 . It may be argued that such thinking completely ignores the fact that fossil fuel combustion is also carbon or carbon dioxide neutral for exactly the same reason; however, it should be noted that the obvious difference lies in the elapsed time between the sequestration from the atmosphere and the return of the carbon or carbon dioxide to the atmosphere 2 .
Biomass is the term used for all organic material originating from plants, trees and crops and is essentially the collection and storage of the sun's energy through photosynthesis. Biomass can be either obtained directly from plants or indirectly from industrial, domestic, agricultural and animal wastes. The examples of biomass energy sources include wood and wood wastes, agricultural crops and their waste byproducts, municipal solid waste, animal wastes, waste from food processing, and aquatic plants, algae, energy crops such as trees and sugarcane that can be grown specifically for conversion to energy. Biomass energy, or bioenergy, is the conversion of biomass into useful forms of energy such as heat, electricity and liquid fuels. Figure 1 shows the bioenergy flow (Akpinar et al., 2007) .
Figure 1. Bioenergy flow chart
Bioenergy, the energy from biomass, has been used for thousands of years, ever since people started burning wood to cook food or to keep warm.
Biomass is used to meet a variety of energy needs, including generating electricity, heating homes, fueling vehicles and providing process heat for industrial facilities. Today, worldwide, biomass is in the fourth place as an energy source and provides about 14% of the world's energy needs (Dumanli et al., 2007 (Dumanli et al., , p. 2064 ; it also accounts for about 38% of the primary energy consumption in developing countries and it often makes up more than 90% of the total rural energy-supplies in those countries. The average majority of biomass energy is produced from wood and wood wastes (64%), followed by municipal solid waste (24%), agricultural waste (5%) and landfill gases (5%) . Table 1 presents renewable energy indicators in the world (Bilgen et al., 2007) .
The rest of the study is organized as follows. Section 2 introduces the key indicators of Turkish economy and her energy sector. Section 3 describes the current status of bioenergy in Turkey, while Section 4 deals with evaluation of bioenergy use in general. Then, some guidelines for policy makers are provided based on the findings of the study. Finally, Section 6 gathers the main conclusions derived from the paper.
Key indicators of Turkish economy and energy sector
Turkey's dynamic economy is a complex mix of modern industry and commerce along with a traditional agriculture sector that still accounts for more than 35% of employment. It has a strong and rapidly growing private sector, yet the state still plays a major role in basic industry, banking, transport, and communication. Real GNP (Gross National Product) growth has exceeded 6% in many years, but this strong expansion has been interrupted by sharp declines in output in 1994, 1999 and 2001 Turkey's population of more than 70 million is growing at an annual rate of 1.04% and expected to grow to 83.4 million in 2022. In response to the growth rates of population and consumption, Turkey's total final energy consumption (TFC) grew at an average annual rate of 9.6% over the last three decades. This average annual growth rate of TFC is projected to decrease to 5.4% between 2005 and 2010 and 7% between 2010 and 2020 (Evrendilek et al., 2003) . oil (31.5%) in first place, followed by coal (27.3%) and natural gas (22.8%).
Turkey has not utilized nuclear energy yet 4 . The Turkish coal sector, which includes hard coal as well as lignite, accounts for nearly one half of the country's total primary energy production (%43.7). The renewables collectively provided 13.2% of the primary energy, mostly in the form of combustible renewables and wastes (6.8%), hydropower (about 4.8%) and other renewable energy resources (approximately 1.6%) (IEA, 2007) .
[ Table 3 goes here ]
As can be seen in Table 3 , the general equilibrium of energy use and supply indicators shows that Turkey is dependent on import resources very heavily.
In 2004, 77.6% of the total energy supply was met by imports, and the rest was domestically produced.
Turkey's total electricity production and installed capacity were 162.5 GWh and 38.8 MW, respectively, in 2005 (Erdogdu, 2007a) . The distribution of the produced electricity energy according to primary energy sources was as follows: natural gas 44.74%, hydropower 25.11%, coal 25.05%, oil 4.92%, biomass 0.09%, geothermal 0.06% and wind 0.04% (Kone et al., 2007) . Table 4 reflects the increasing reliance on natural gas 5 in the power sector.
The share of natural gas power plants in installed capacity was about 37% in 2005. Likewise, natural gas had the largest share in gross electricity output in 2005.
[ (Balat et al., 2005 ). Turkey's present and planned biomass energy production is presented in Table 5 ( Yuksel et al., 2007) .
[ Table 5 goes here ]
The importance of agriculture is increasing due to biomass energy being one of the major resources in Turkey. Table 6 shows the production of crop, fruit and fruit tree residues and the total amount of animal wastes available for production of bioenergy in Turkey (Ozturk and Bascetincelik, 2006 ).
[ Table 6 goes here ]
In Turkey, almost all biomass energy is consumed in the household sector for heating, cleaning, and cooking needs of rural people. In their homes, Turkish people burn wood in stoves and fireplaces to cook meals and warm their residences. Wood is the primary heating fuel in 6.5 million homes in Turkey.
The lumber, pulp and paper industries burn their own wood wastes in large furnaces and boilers to supply 60% of the energy needed to run factories.
The use of animal wastes as biofuel is limited because they are mostly used in agriculture as fertilizers. The only waste power plant, built in 1991, of the country is in Adana (Akpinar et al., 2007) .
Current Turkish legislation on bioenergy
Existing Turkish law and regulation with relevance to the use of renewable energy sources is limited to two pieces of legislation. One piece of legislation is the Electricity Market Licensing Regulation, and the second is the Law on o Obligation to purchase electricity from renewable energy sources:
Each legal entity possessing a retail sale license shall be required to purchase renewable energy source-certified (RES-certified) electricity in an amount declared by EMRA.
o Purchasing of electricity from renewable energy sources with a higher price: Until the end of 2011, the applicable price for the electricity to be purchased in pursuance with the law within each calendar year shall be the Turkish average wholesale electricity price in the previous year determined by EMRA. The Council of Ministers is entitled to raise this price up to 20% at the beginning of each year. Currently, Turkey is not required to comply with the EU norms but in the near future she will be obliged to do so in the course of accession negotiations 8 .
Barriers to bioenergy exploitation in Turkey
The barriers holding back biomass exploitation in Turkey can be divided into two main groups: (1) barriers in the institutional, legal, and administrative framework and (2) real and perceived risks and other inherent difficulties associated with promoting biomass energy (Kaya et al., 2007) .
Barriers in the institutional, legal, and administrative framework
The most important barriers in the institutional, legal, and administrative framework for the exploitation of biomass in Turkey are summarized below: 
Real and perceived risks and other inherent difficulties
In contrast to fossil fuels, biomass fuels are characterized by their low density, and sources of biomass are small, dispersed, disparate, and seasonal. Biomass fuels may be collected from, for example, individual farms covering a wide geographic area. Sources are very small in comparison to fossil fuel extraction industries, with the possible exception of the largest pulp and paper or wood processing units. These issues all contribute to potentially raised fuel costs -via logistics, contracting, transport, fuel preparation, storage, etc.
A unique aspect of many agricultural waste materials is their seasonality. The seasonality of agriculture is seen to be a key risk, for both establishing viable fuel supply businesses and for maintaining year-round fuel supplies for potential energy plants.
The high capital cost of agricultural waste or biomass power plants is a major disincentive to investors. Further, the upper size limit of biomass plants is lower than fossil fuel-fired plants, because long-distance transport of lowdensity biomass fuels is generally not considered feasible (for financial and environmental reasons). There are limited opportunities to achieve economies of scale with bio-energy. Thus, to achieve favorable power and heat generation costs, technology with high fuel conversion efficiency is selected.
While improved technology may be able to battle some of the elevated investment costs of bio-energy, technology risks remain. Some relevant technology is proven, however a lot of technology remains in research, development, and demonstration phases. This technology risk is considered unacceptable to most investors.
A further important consideration is that the core business for the wood or agro-industry plant owners and managers is not energy-based. If a capital sum is available for investment, improvements to their core business are likely to take precedence over any potential energy-related business expansion.
Evaluation of bioenergy use

Benefits of bioenergy use
Lower emissions to the environment
Bioenergy appears to have formidably positive environmental properties, resulting in no net releases of carbon dioxide and very-low sulfur content.
The most important gain of bioenergy utilization is the environmental benefit of displacing fossil fuel usage and a reduction in any adverse environmental impacts that are caused by fossil fuel consumption.
Economic development and growth in the agricultural sector
Bioenergy can contribute to the generation of new jobs especially in rural and farming communities, which in turn may result in an improvement of income distribution. Bioenergy has the potential to provide millions of households with incomes, livelihood activities and employment. A number of studies have now concluded that the development of bioenergy systems is a generator of jobs.
In Turkey, there are also substantial areas of abandoned agricultural land that are not managed and are becoming overgrown. Creating demand for biomass fuel would help to bring these areas back into economic exploitation.
Furthermore, development of new dedicated energy crops and/or an energy market for residues from existing crops would help farm income and reduce the rate of land abandonment (Bilen et al., 2007) .
Furthermore, provided that fossil fuel prices increase in the future, bioenergy appears to have significant economic potential.
Contribution to security of supply and sustainability
Sustainable energy can be developed by laying more emphasis on domestic resources in the energy mix. In recent years, Turkey has begun to ignore the importance of energy usage based mainly on domestic sources. Today, about 78% of the Turkey's energy consumption is met by imports. The reliance on import resources-particularly on natural gas-to such an extent threatens the essentials of the sustainable development model seriously.
Not only bioenergy contributes to Turkey's energy diversification strategy but also substitution of current energy imports, mainly gasoline and diesel, with bioenergy is important for economic and national security reasons.
The abundant fossil fuels, such as coal, are often damaging to the environment throughout the fuel cycle, from mining to processing to consumption. Fossil fuels also carry the threat of global climate modification through increased discharge of carbon dioxide, particulates and other materials. Nuclear energy, while imposing no threat of climate modification, is associated with serious problems, such as waste disposal, accidents and weapons proliferation. We must also recognize that all fossil fuels and nuclear energy from fission are ultimately exhaustible. The substitution of fossil fuels and their derivatives by biomass and biofuels helps to conserve depletable fossil fuels. Bioenergy may replace petroleum fuels. Biofuels (mainly bioethanol, hydrogen and biodiesel) are obtained from biomass and can be used as a substitute for transportation fuels and to generate heat, power and/or chemicals. Because biomass can be converted directly into a liquid fuel, it could someday supply much of our transportation fuel needs for cars, trucks, buses, airplanes and trains.
In addition, the use of a fossil fuel and biomass together in certain applications, such as electric power generation with coal and wood, can result in reduction of undesirable emissions.
Development of competition in energy market
Bioenergy presents an opportunity to move towards more decentralized forms of electricity generation, where a plant is designed to meet the needs of local customers, avoiding transmission losses and increasing flexibility in system use; which in turn provides an opportunity to increase the diversity of power generation plants, and competition in electricity generation.
Drawbacks of bioenergy use
High cost of bioenergy production
Generally speaking, biofuel production cost is currently higher than that of the classic fuels; sometimes the critical factor is the raw material cost 9 .
Collecting, transporting and storing biomass is expensive. There are also significant costs of marketing, distribution and service. At the moment, biofuels are about 2.3 times more expensive than fossil fuels. For bioethanol, this figure ranges between 2.6 and 2.8 as compared to petrol. However, cost comparisons are highly dependent on the fluctuations in the international market for crude oil and refined products and in biofuel feedstock. On the other hand, the continuous efforts for the increase in the raw material yields as well as the advances in production technologies may make this cost relationship more favorable for biofuels (Kondilia et al., 2007) .
Soil degradation and run-off
The large volumes of water required to produce biomass (much of which is often derived from aquifers that might not continue to yield water indefinitely)
constitute another point to consider. Also, water and soil nutrients are finite and may easily be degraded. Besides, the abundant use of fertilizers and manure for bioenergy production may result in considerable environmental problems in various regions: nitrification of groundwater, saturation of soils with phosphate and so on. In sum, there are numerous considerations that hint at the unsustainable nature of bioenergy.
In case of an increase in bioenergy utilization, the demand for agricultural land could increase; growing amounts of virgin rainforest could be cleared for farmland and greater soil degradation ensues. Furthermore, deforestation, especially of high conservation value (HCV) forests, could lead to a considerable loss of biodiversity and the extinction of an incalculable number of species, some as yet undiscovered. On a global scale, deforestation has generally been assumed to be a key factor in altered weather patterns, soil degradation and erosion.
Inefficiency in the production process
The most significant concern about bioenergy relates to inefficiency in its production process. For instance, bioenergy production, in the case of corn and wheat, rely on starch from the kernels of the plant or, in the case of sugar cane and sugar beet, on the sucrose produced (McCormick-Brennan et al., 2007) . The remainder, at least for the purpose of fuel production, goes to waste. The same holds true for the seeds used to extract vegetable oil for biodiesel production. Thus, a large amount of energy is expended on cultivating, harvesting and processing the biomass, even though only a relatively small proportion is used to derive energy. The result is an arguably high level of inefficiency and a poor allocation of energy resources throughout.
Crops used for bioenergy production also have lower energy content than conventional petroleum products. Problematic, too, is that fossil fuels are generally required in the production of biofuels.
Technical concerns
It is important to understand that biofuels have a limited application. From a business perspective, current technology militates against these fuels.
Biomass fuels cannot replace conventional fuels on a one-for-one basis in unmodified vehicles. This means that the demand for hydrocarbon-based fuels is unlikely to tail off to any significant degree in the immediate future. would consume the majority of its cropland.
Practical limitations
Guidelines for policy makers
The overall objective of energy-related policies should be ensuring sufficient, reliable and affordable energy supplies to support economic and social development, while protecting the environment. Therefore, when choosing energy fuels, it is essential to take into account economic, social and environmental consequences. In the past, environmental impacts of energy resources were ignored or not foreseen, while energy policies focused on adequate supply of energy to assure high rates of economic growth. Today, besides the economic issues, particular importance should be assigned to environmental factors associated with the choice of energy sources.
In Turkish case, as fossil fuel energy becomes scarcer, Turkey will face energy shortages, significantly increasing energy prices, and energy insecurity within the next few decades. In addition, Turkey's continued reliance on fossil fuel consumption will contribute to accelerating the rates of domestic environmental quality and global warming. For these reasons, the development and use of renewable energy sources and technologies are increasingly becoming vital for sustainable economic development of Turkey (Bilen et al., 2007) .
Potential policy instruments appropriate for Turkey concerning bioenergy utilization may include:
o A program to encourage alternative, beneficial uses of agricultural residues and wastes, in particular for biomass energy production. o Utilization of market instruments 11 appropriate for Turkey that could include financial incentives, by means of direct grants and/or loans, which would support better use of agricultural by-products (including residues and wastes) in a manner that promotes environmental protection, renewable energy, and overall performance efficiency.
Existing legislation, in itself, is not expected to be sufficient to overcome the high investment cost, risk and lack of security associated with the entrance of renewable power plants into the electricity market.
o Exemption or reductions in the level of taxation to electricity, heat, and/or transport fuels produced with biomass sources.
o Other financial support mechanisms such as soft loans, low-interest loans, credit guarantees, start-up subsidies and/or grants, and discounts for consumers willing to purchase bioenergy.
o A legislation establishing a target (e.g., 10%) for the penetration of renewable energy sources into the domestic energy consumption by a given year. It could also include a separate but integrated target for biomass alone. o Encouragement of co-generation of biomass with coal. This will reduce the emissions of those existing power generation systems and make a considerable contribution to greenhouse gas emission reductions.
o An effort to control the emissions from waste plants to the air while burning. Necessary controls should be taken over by the Ministry of Environment for these emissions to be under standards foreseen by the European Union.
These recommended policy instruments are not only energy sector-specific, but agricultural and environmental, as well. These three areas are interrelated and must be considered both individually and collectively.
Conclusion
Bioenergy provides a clean, renewable energy source that could dramatically improve our environment, economy and energy security. Biomass energy generates far less air emissions than fossil fuels, reduces the amount of waste sent to landfills and decreases our reliance on foreign oil. Biomass energy also creates thousands of jobs and helps revitalize rural communities.
Turkey is an energy-importing country. In order to be less dependent on other countries, Turkey needs to use its sustainable sources. From this point of view, bioenergy is a very attractive choice, since it is economical, sustainable, environmental friendly and a familiar energy source in Turkey.
Furthermore, Turkey has several advantages for the use of bioenergy in terms of its climate. However, today, in Turkey, the domestic consumption of biofuels is lagging, mainly due to economic barriers, lack of legislative and regulatory framework and poor infrastructure.
While specific policies and regulations are recommended here, it is also important for efficiency and effectiveness that communication and improved.
The private sector, which has the capacity to mobilize needed funds, must be motivated to participate in biomass and other renewable energy development. Erdogdu (2002) . 4 For a more in depth discussion of nuclear energy in Turkey, see Erdogdu (2007c) .
5 Turkey imports 96.9% of her natural gas consumption. 6 This estimate is based on the recoverable energy potential from the main agricultural residues, livestock farming wastes, forestry, wood processing residues and municipal wastes that given in the literature.
7 Before the Electricity Market Law, the price of energy was decided as a result of negotiations between the energy production companies and the state, which is the buyer.
For more information on the subject, see Erdogdu (2005) . 
